The study proposes to use the photon trapping micro-structures to enhance quantum efficiency of the mid infrared photodetectors. The nanostructure that is consist of micro holes reduces reflection and bends the near normally incident light into the lateral modes in the absorbing layer.
This study presents Finite Difference Time Domain (FDTD) simulation shows that the lateral modes that propagates along the PDs surface are responsible for the infrared radiation trapping. Optimizing the holes structure, we found that the holes comparable to the wavelength provide the better bending of the infrared into the lateral modes. The designed PDs have thin (30-50nm) b-AsP layer on a Si substrate covered protective layer with 2D periodic micro-holes. The nanoholes view from the top and cross-sections are in the x-z plane (perpendicular to the surface) are shown in Fig. 1a ,b,c. The PD can also use HgCdTe with holes in the absorbing material. In this case a thinner layer of HgCdTe can be used. We considered Si or SiO2 protective covers. The hole shape varied from cylindrical to tapered cylindrical and inverted pyramids ( Fig.1b, c) . The holes array supports a set of modes with wave vectors in z direction, kz and kc in x-y plane (parallel to the surface). Each hole couples the vertically incident infrared radiation into the xy plane. The lateral modes with larger kc can have full reflection from the bottom of the PD and they can form modes guided in the x-y plane in b-AsP layer. The lateral modes [4, 5] in xy plane causing higher absorption. The FDTD simulation for the inverted pyramids holes in SiO2 cover with period 2000nm and diameter of 1700nm ( Fig.1d green curve) shows some absorption increase over flat cover (Fig.1d , black curve). The parameters for the b-AsP layer were used based on experiment [1] that showed about 10-15% QE. The same holes in Si cover produced much better absorption enhancement (Fig.1d, red curve) . The lateral modes are responsible for the QE enhancement [5] . The longer the light propagate into b-As layer and the better it confined in it the better is the absorption for a wider range of the wavelength. The field distribution around the cylindrical holes (Fig.1e) shows the lateral modes between the holes. The tapered or inverter pyramids shape had smaller reflection due to the effect is similar to the Lambertian reflector that helps to trap infrared radiation [5] . The micro-holes also provide better absorption in wider region. The FDTD simulations showed that inverted pyramids holes with period 2000nm and 1700nm in Si cover produced the best coupling with absorbing b-AsP layer and can significantly increase QE.
The proposed nanostructure reduces reflection and bends the near normally incident light into the lateral modes, that can be used to increase QE of 2D materials like graphene or p-AsP. The PD can also use HgCdTe or PdSe with holes in the absorbing material. In this case the absorbing layer can be smaller and the dark current can be reduced and the PD could be used at higher temperature.
